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© integrated sputtering target assembly. 



methods, lanta 



liquid connections are provided only from trte perim- 
eter of the target assembly (77; 114; 213). When a 
top vacuum chamber (109; 114} seals the side op- 
posite the pressure chamber (69; 138), the pressure 
on bom sides of the targe! assembly (77; 114; 213} 
is nearly equalised. Large thin target assembles, 
such as targe flat piates usee! for fiat panel displays 
can be sputtered effectively and uniformly without 
adverse sputtering effects due to target deflection or 

A target (79; 127; 181), targe? backing piate (80; 
123; 171), and cover ptats (95; 125 126; 197} may 
form the target piate assembly (77; 124; 213). The 



13} n 



:ej:i: ■; 



SS; 149; 172) are constructed in either the target 
backing piate {80; 128; 171} or the target backing 
cooiing cover piate (95; 125; 126: 197), which are 
then securely bonded to one another. The sputtering 
target (79; 127;1B1) can be a single monolith with a 
target backing plala (80; 128; 171} or can be se- 
curely attached to the target backing plate (SO; 128; 
171) by one cf any number of conventional bonding 



ending cars be 
protected from 
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This invention relates to a target assembly, 
especially to an inUy -„ . „ „ arget assem- 
bly. 



semiconductor industry for the deposition of thin 

I '"Ij v , f T V ?.„ 

minum alloys, 'factory metal siSddes, gold, cop- 



r 



piates ar5 '-5 r : 7 "- 1 - ; - - 
ness o? cecositeo sc-r-od -u - ,a are measur- 
able and may be unacceptable if the change in the 
- oknes; - - - , posrac 



The ionized particles are then directed toward a 
"target" and collide with it. As a result of the 
collisions, frae atoms or groups of ionized atoms of 
the target material are ejected from the surface of 
the targe!, essentially converting the target material 
to free atoms cr molecules. Most or the free atoms 
which escape the targe: surface in the direction of 



! r " ' 1 - i - / short dis- 

tance from the target. 

One common sputtering technique is mag- 
netron sputtering. When processing wafers using 
magnetron sputtering, a magnetic field Is used to 
concentrate sputtering action in the region of the 
magnetic field so that target sputtering occurs at a 



- r J -1 - a ' 

gas plasma and creating ion streams impacting on 
the cathode. This energy musr be dissipated to 
avoid melting c- nearly melting the structures and 
components invojv 3d amnion f ~> es 1 sed 
for coding sobering -argsts "„ onown tn Figures 
1 and 2. One technique, as used in many prior art 
sputtering devices, passes water or other cooling 
iicuid through a fixed internal passage of the sput- 
tering target As shown in Figure 1, a first cooling 
iiquid passageway such as a hose 65 supplies 
water or other cooijng liquid to a target backing 



68. The target 64 is thereby quickly cooied To 
complete the picture of Frgure l, the sputtering 
chamber 60 includes an object (substrate) support 
structure 62 on which rests the substrate to be 



ted 61. 



sputtering 



dated magnetic field source include uniform ero- 
sion of the target and uniform deposition of pure 
target material on the wafer being processed. Dur- 
ing sputtering, if magnets generating a magnetic 
field are stationary at a location, then continuous 
5 the sputtering target 
and generates hot spots 

isiy moved over the back 



Ribeiro in his U.S. Paten; 4,326,564 is typical or 
prior art showing cooling line attachments hick 
b-- -i * - * , 3 t _ t - 

back of the target to pass liquid through structu 
adjacent to the target. While a magnet is not she 
in Figure f , commonly if^- 'c,.. sti -sa': 



non-uniform wear patterns persist. To avoid con- 
taminating the process, sputtering is stopped be- 
sore the nor-un; r orm sputtering wear patter,'; has 
consumed the full thickness of the target material 
at any point- If any point on the target plate behind 
the target were to be reached, sputtering of the 
target backing plate material {often copper) would 
occur, contaminating the vacuum chamber and the 
wafer being processed with the target backing ma- 
teria! (e.g., copper). Because of the non-uniform 
pattern of target utilization, cenventiona! practice is 
to stop the sputtering while a large percentage of 



ber SO supports a sputtering table 56 supporting a 
- - - ' • S5 to bo p i -r - _ : n ,|_ , ' ' n 
to a target 54. The sputtering chamber SO includes 
a circumferential top flange on which a target as- 

j J 1 z T - - - o'y c 

ing of a target backing plate 53 and the tarqgt 54 
completely covers he flange of the pr \ 
chamber SO. A seal is made between the process- 
ing chamber 50 and ambient air outside the flange. 
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- -; behnd the target 



net 57 to move in a magnet sweep zone as 
vn by the dashed Sines 58. The moveable mag- 
57 end portions of the magnet sweep mecha- 
: (not shown), In this configuration, era im- 
sed in cooling quid A'hich generally fills the 
ng chamber 51 and Is circulated through the 
nber behind the target to ensure cooiing of the 



for the system to operate properly because the 
effecting toads due to vacuum from the prccass- 

:.ooiam toads are 



- c n r - 



pressure of as 

the cooling ssd? 



(less than 1 torr) with a positive 
much as several atmospheres or 
. The actual pressure on the coos- 
is on the weight of the coolant in 
iber and on the static and dynamic 
coolant in the cooling chamber as 
to maintain acceptable tempera- 
ttering target is moved through the 



th~ ' i - , , rv distribu- 

tion manifolds or flow directing restrictions are 
placed in t-e - - r - - - < ~ -,n,ze short- 
circuiting and maximize cooling. 

To obtain maximum thermal conduction be- 
tween the cooling liquid and the target backing 
plate, it is necessary that the flow regime in the 
cooling chamber 51 be such that any fluid bound- 



laysi 



be 



7f>r.';rv"0, -cr-rsi- coo!:n; Wo-r, is not sufficient, the 
flow must be in the turbulent range to maximise 
heat transfer between the fluid target and the fluid. 
Htgn .-; fluid pres :res are r seded to ge ie.> its the 
fluid velocities required for turbulent flow resulting 
in higher pressures in The cooiing chamber Si. 

For small sputtering targets, the target backing 
plate and target can be built to be cuits massive to 



'< " >' i "ressure m 

the cooiing chamber 51. When the sire of the 
target and target backing plate become large be- 
J 4 Jl t^.itc 3 la- 7-?, as might 
be done for a flat glass panel to be used in a flat 
pans! display of a computer or television screen, 
the thickness of the target and targat backing plate 
must be substantially increased to avoid unaccep- 
table deflections. When a magnetron is used, sput- 
tering Is most effective when the magnets are just 
behind the surface of the sputtering target Increas- 
t "i * t i t ve sputter- 

ing target and any magnets used for magnetron 



soldering or brazing techni 
target backing plate and I 
mous stress in the solder c 



ig chamber 



brazing material, or 
softer, such that il 
or separation of ti 
psate is greatly : : 
solder or low temper 
a separation betwec 



pin n,^ ' r ->- *~ 'z'~z - h-.f sco: de^e.ops 
progressively melting the solder and brazing com- 
pounds located there. When sufficient melting 



;emen* o! 
1 the procs 



jsed ii 



i past to 



pressure - - i 
plosion bonding, Irv « , t-, _ , bending of 
the target to its backing plate. In these processes 
them is a large non-uniform thermal or mechanical 
gradient to which the target and arget backing 



targ&Ha^o _ r , , , , t a drnen . 

sionaliy stable without warpags under the thermal 
cycling of sputtering. 

The disadvantages of the existing sputtering 
target systems as described abo 6 do tinue to 
inhibit the wide use of =oj*I r/g a; sn rff;<-.--r; .--no 
cost-effective means for applying surfacs coatings. 



5 
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The present invention intends to overcome 
these problems. This object is solved by the target 
assembly of independent claim 1, the sputtering 
target configuration of independent claim 16. the 
sputter ig ^ssmo / of independent claim 20, the 
sputtering device of independent claim 23 and fur- 
ther by the method of producing a target assembly 
of independent claims 25, 29 or 30, the method of 
cooling a sputtering target of independent claim 33 
and the sputtering process of independent claim 
34. Further advantageous features, aspects and 
details of She inventor, are evident from the depen- 
dent claims, the Description and me drawings. The 
claims are intended to be understood as a first 
i mt.ng ao;-. irr z ie\ 13 , - 

genera! terms. 

The invention provides target assemblies, es- 
pe;a : l/ zare - cg-.e .r ,-, u r' -9 targets and 
more specifically a structure and method for cool- 
ing the sputtering target and a structure and meth- 
od for holding such a target being cooled. 

This invention according to a specific aspect 
provides an improved configuration for a sputtering 
target and sputtering target backing piate. This 
configuration overcomes many of the drawbacks of 
the previous configurations and provides a struc- 
ture and method to improve sputtering coverage 
and sputer large areas such as glass plates, irs 
particular, large targets are required when station- 
ary, fell coverage deposition is required with high 
film quality for :arce substrates. 

The new configuration preferably includes a 
processing chamber having a top circumferential 

advantageously supported on the flange. The target 
as^-jmt y in : uoes a target separate or integral with 
a target backing plate. In a monolithic (integral) 
configuration the target {e.g. aluminum and its al- 
loys) and target backing plate can be a single 
piece of material into which O-ring grooves and 
other fixtures are machined to seal with the pro- 
cess chamber, in other instances the target ma- 
terial is separate from the target backing plats and 
is secured to , „, j- t <n~t olate usinq one of 



cavities or grooves there^ 
h (passages) for cooling f 1 



ing effect over 1 
machined or ca 



target ba; 



£ref.?'3biy navs if.terrnocrc:-; fr?r c> 
1 the ends of these fins or groove walls 
! to the backing plate, they help maid- 



ing o\a 



20 ever, according to a further aspect of the invention 
it has been found that in order to reliably join the 
ends of the fins or intermediate walls of the cooling 
passage cavities or grooves to ' ' ■ > . - > 
plate, it is sometimes necessary rVc ; a: ~ 

25 tro g h j j 3 - , , -, =, 

type adnesive, diffusion bonding, cr brazing, it is 
important that the coefficient of thermal expansion 
c; the '.n-qei tacking oiate ar.ci i:,:; cover do ctoselv 
matched. If not closely matched, then trie shear 

30 stress assooa*- „■ ~- f ^ P - 

sion between the pieces causes bond failure. The 
differential strain between the target backing plate 
and a cooling cover piate of d fit. a • - , j n 
mteimased by using pins at intermediate ioca- 

piatss. Screw j boi a intwmecftata locations 
can also establish and assure that de-bonding does 
not take place. 

When using a structural type adhesive such as 
40 e "frile epoxy adhesive, the surfaces to be bonded 
are ciea - 

adherence of the nitrils epoxy. The adhesive is 
precisely located on its respective bonding sur- 
faces by being attached to a carrying screen or 



ntques for joining the target to the target backing 
plate according to this invention include bonding 
the target to its backing piate by use of diffusion 
bonding, by filler-metal, solid state, or liquid phase 
diffusion bonds - ail at comparatively low tempera- 
tures and pressures. 

According to a preferred aspect a cooling cov- 
er plate is firmly attached (perhaps ended) to the 
back (top) of the target backing piate. The cooling 
cover plate must be tightly joined with the back of 
the target backing piate so that a fluid tight seal is 
created for the cooling fluid. The cooling cover 



(be 



" ~ - - 1^ - Z' --' 1 J Ci^;ifl;.;re - r- - " TO 

a predetermined temperature to assure the bonding 
of the pieces. Once the nitrite epoxy has set, a 
very strong bond is created between the cooling 
cover pias and the target backing piata such that 
differential pressures of s^-e.a 3',,/^ • . > r 
be applied without failure of the epoxy bond. 
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The coo'irig 
tne target back 



"< also be joifl8d to can be reinforced with various forms, tapes and 

fsbrcs ;s,g., araouci r'ber. P'333 ; rVoro etc.) poured 



iSion bondirn 



guarantee the bonding of critics) parts, can be used 
to bond various target materials to various backing 



toe whco :?.Qei 33 naccens r.c-w woo prior art 
soldering or brazing techniques. For sputtering it is 
normany sufficient that there initially be in excess 
of 70 '-i contact rcoioo. oo'-veer, tne targe: and 
the target backing plate to provide a satisfactory 
electrical and ri c ^ ; o^ between the two 
to adequately dissipate the thermal energy deliv- 
fi - _ a'_ > t 
Diffusion bonding at comparatively tow tem- 
peratures and pressures provides a gentia method 
of joining of tr e target to the targe* plats. Bonding 
c y diffusion - oiowos.Qf;,;; rooioioy and or r 



ironoioto oxpooo-ro OvnOfoc. f-icfco weeing, cr rr.H 
bonding are performed. Also, diffusion bonding car, 
be employed to bond the cooling cover piate to the 
backing piaoj a: too saotr: rime that She target o; 



icr ether -a- - can be re~oooc ieavino 

oorioio 3i.no ports-opes in soapo pattern. 

Machining to final dimensions is normally done 
c"cc f rai b o , g 

water passages and grooves ca !so c : dad 
in the target backing : <* 3 T i- - - - 
is then a < - i * ro - - ooiing pas- 

sages in the target backing plate. For reusable 

can seas the cooling channel using O-rinqs with 
removable fasteners spaced genaraiiy regutsrfv 
across the target backing plate area to bond the 
cooling cover plate to the target backing piate. Or, 

J 3 0 1 n ^ I - I ' 

between the backing plate and cover plate and 
squeezed with removable fasteners to act as a 
r-^t -3 -4' ~o «->; (i ".c i~ - 

The target, target backing plate, and cooling 
cover plate make up a target assembly which is 
, -r-_ . , t ' r, the 
target assembly is rr,„ds -o - 
rigid ems*, z - — - - - t ~ - i z r- - 
ing, sputtering can take place while the target car- 
ries the load of the differentia! pressure between 
ambient cor- c =ro ' , - i~ t*-> orocess- 
ing chamber. 



Alternatively, 



and tarrta 



'Si. 



bty using diffusion bonding consists of diffusion 
bonding the target to the target backing plate. 
Once the target backing plate is bonded to the 
target then the target backing plate is bonded to 
the cooling cq/-,~ o.oo= . . "ti toe structura 1 epoxies. 
Simultaneous with this step, preferably an irssuSat- 



ber and the 1 • - 

and nearly equally. The target assembly then acts 
as a diaphragm sept? j , *o- - ; umbers of 
r.eariy equal pressure. The cooling fluid flowing 
through th j a S9n> 

b!y is isolated from both of the .-ac jro rjn;. < 
The strong bond between the target bacN -,g - >te 
and the e: ^ - - - -- - . r 1 

reduces, if not completely eliminates, the deflection 
of the target assembly and target due to cooling 



prspreg c<v l ^ piace. Wax or other 

material with a low melting point can be formed 
into the shape (pattern) of the desired cooling flow- 
passages on the back of the target backing piate. A 
fluid dam formed around the- adgss of the plate 
ratsins a casting materia!, such as prepreg - an 
ambient temperature castable structural epoxy that 



made very thin 
the magnets and the target face. 
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Many types of high-Intensity magnets reduce 

their magnetic field strength at elevated tempera- 
tures; Using a configuration according to this inven- 
tion, unlike previous configurations where the mag- 
nets are immersed in the hot cooling fluid, the 
magnets' temperature increases very little, if at a!!, 
due to the sputtering process. The magnets are 
located in me top evacuated chamber and mere is 
/irtuailv, tc conduct; e heat flev +: the magnets 
and recte'vo ^e»: mow from tre target assembly to 
the magneto will be quits minuscule as the cooling 



50° C. A: 

far is nes 




• : "3 hiSfit ,3 

, because the target 


assembly 


is electrically bias 


ted. an electrical in- 


aulating s 


heel is often piacec 


i over and bonded to 


the backs 


ide of the cooling o 
i barrier and furth* 


aver plate. This sheet 


transfer fr< 




sr reduces any heat 
biy to the magnets. 


The € 




target assembly ad- 



u<jruacL "Ousting rings placed 
above, below, and outside of the target assembly 
provide such insulation. 

Conduction of electrical current through the 
cooling media becomes negligible when a high 
purity water or orrter cooling fluid is used in the 
cooling pasages. An insulating hose material is 
used to connect the target assembly to outside 
cooling/heating fluid source(s). 



In the configurations s 
substrates to be coated 
targets having sizes substi 



very large 



screens whose dimensions are as much as two or 
three feet c ^ „ - -. i , j -,„ -\ J(J ~ ^a, ce<~os- 
ited from the sputtering targe? and so-f^-mc 
chambers as described herein. Further, when mov- 
able magnets are swept behind a conventional tar- 
get assembly, the target is irregularly eroded. With 
the invention, the pressures in trie two chambers 
may be adjust** to coi 3! the bow n the target 
assembly, thereby mechanc; ?- -c ; 
is tance between tne targs' s_,- e suostrate 

to bs sputtered so that the uniformity of deposition 

pressures in the two chambers can be adjusted to 
20 control the bow of the targar .—-samo. .-, me ; a> u 

target thickness and magnet field strength can be 

used in sputtering systems with small dimensions 
- r " J 1 n , r- _ , jd f.r 

bally larger dimensions, e.g. to sputter glass pan- 
es els. 

uooling water supplies advantageously are 



so catastrc 
BRIEF 



t ( rocess or - target 
■4 OF THE DRAWINGS 



etc..) manifold, cr hose Strings with quick discon- 
nect type fittings which may be attached directly to 
the target backing plate. The plastic manifold pref- 
erably is bolted to the target backing plate and acts 
as an insulating barrisr together with other insulat- 
ing pieces to prevent an operator from contacting 
the highly energized target piate or its electrical 
connections. 

According to a further aspect power is provided 
to the target plate through a poor connection open- 
ing, in one configuration, 3 safety power connector 
fitting connects electric at power to the target piate 
only when a vacuum is pulled in the top chamber. 
The top chamber vacuum urges the safety connec- 
tor to overcome an elastic barrier to make a tight 
eiectrical connection with the target backing plate. 
In another configuration the safety power connector 
connects electrical power to the target plate only 
when vacuum is pulled in the process chamber and 
a top chamber vacuum safety interlock assures that 
the target plate assembly is energized only when it 
■ r 1 J "3 members. 



sputtering a .amber where-! ta - • - 
get assembly are immersed within the process- 
ing chamber and cooling fluid is provided to the 
target through seals in the wall of the processing 
chambsr; 

Figure 2 is a cross sectional view of a prior art 
sputtering ch s jted from a cooling 

chamber by a target assembly; 
Figure 3 is an exploded view of an emhodimen! 
according to the invention; 
Figure 4 is bottom view of a target assembly 
with screw holes ( 
inlet and outlet openings according to the invert- 
Figure 5 is a cross sectional view of Figure 4 
taken at 5-5; 

Figure 8 is a cross sectional view of Fipuro <• 
taken at 6-6; 

Figures 7 and 9 show detailed cross sectional 
views of target assembly w ere the fit e 
terial is separate from the target backing plats, 
according to the invention; 
Figure 8 shows a detailed cross sectional view 
of target assembly where the target material is 



s 
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one piece with the target backing plats, accord- 
ing to the invention. 

Figure 10 shows a detailed cross sections) view 
o? target assembly where cooling cower plats is 
-,g to me 

invention; 

a ro i " = ^ c ?z trass sections! view 

ct target assembly where cooling cover plate is 
made of an insulating material which has been 
formed around the edges of the target backing 
plate, according to the invention; 
. ijjrs i; o<. -- <ev or a target assembly 
where the cooling passage inlet and outlet open- 
ings are threaded and configured to receive 
cs " i --s - - , t ~ »re inven- 

Flgurs 13 is a bottom view of a cooling cover 
plate having generally equal sizec cooling 
grooves according to the invention; 
rig-re 14 shows a cross section of figure 13 
cut at 14-14 and a cross section of a bonding 
si - attached to a mesh for bonding the 
cover piate to a target backing plats according 

figti's "5 Is a bottom view o? a cooling cover 



" ,J - ' r i - i ia' ,isw of F 



t/rndrg a Tare*: ird targe: c-iCv"-.:: o;s.k 
according to the invention; 
Figure 30 s 3 - y c l 1 - - j 
bonding a target, a target c~ g - = - a 

-- r ~ _ - - _ r. 

Figure 31 is a — c-c >iew of a sputter- 
ing device according to the invention showing a 

gc assembl/ having a coc.'sng ■ , , L 
with grooves the^er r^cccr g ': t e-t; 
in context; 

Figure 32 is a cross sectional detail view of trie 
rough vacuum passage connection to the inter- 
mediate sea! space around the processing 
chamber accc^-g t; trs n;i-'io" ;j tie 
figuration of Figure 31 ; 

1 i= 33 !:: an .-ir-< « , a n . c- , 

ment according to the invention whose cross 



cut at 18-13 and a cross section of a bonding 
adhesive attached to a mesh for bonding the 
cover piate to a target backing piate according 
to the invention; 

figure 17 is a bottom view of a cooling cover 
piate having mechanical fastening aids accord- 



Figure 18 shows a cross section of Figure 17 
cot at 18-16 and a cross section of a bonding 
adhesive attached to a mesh for bonding th& 
cover j>Iats to a target backing piate according 
to the invention; 

figure 19 is a plan view of a back side of a 
target backing piata whose cooling passage is 
sealed by* O-hngs and fasteners; 



Figures 31, 32. and 33; 

Figure 35 shows a perspective view of the out- 
side of a process chamber according to the 

- 1 -' r -i- • . -r ="d I <;«■■ 

ptoded parts as shown in Figure 33 are assem- 
bled; 

Figure 36 shows a cross section of another 

sputtering chamber according to the invention 

taken at section line 36-36 of Figure 4-0; 

Figure 37 shows a cross section of the seucer- 

ing chamber of Fc 4 * - ^ 

37-37; 

Figure 38 is a cross section of the sputtering 
chamber of figure 40 according to the invention 
showing me vac-urn pasrag 



section of figure 19 taksn 



assembly of figure 19 with O-ring pass: 
around the fasteners of the cover plate e 



Figure 24 shows a cross section cf a target 
plate assembly of figure 19 using an 
elastomeric gasket as a seal; 



connector fitting, according to the invention; 
Figure 42 shows a cross sectional view of the 
Power T.ir • -' r r g r. _ --, , 

figure 43 v - - ev >„ y 

the processing chamber 138 shown in Figure 



7 



EP 0 6S4 543 A2 



Figure 44 shows a cross sectional view of < 
safety electrical connector cut at sscticn fine 44- 
44 shown in Figure 43. 



DETAILE"" 1 " - i Tri g PREFERRED 

EMBODiMEN TS 

- Stucturs 

r* embed msnt 3 r ; n ; s r 3n - 

vfdes a cooling passage sealed within a sputtering 
target assembly. The target assembly is sealed to 
a vacuum processing chamber. Cooling fluid Sow- 
ing through the cooling passages provides cooling 
to - sr; v-;!=srinu j g . -,-r J, r at: ~r „- 
ner and avoids water-to-vacuum sealing problems. 
The target assembly is sealed between two vacu- 
1 ' c ; - - r ' " - - t, * r-~ * 

stress deformation in the target assembly. 

A genera! configuration of an embodiment ac- 



cording 
process 



05 I OS p 



smber 70 encloses a sub- 
strate 71 to be sputter coated. The target material 
127 of a laminated targe? assembly 77 is sur- 
rounded by a dark space ring 72 to prevent sput- 
tering of material from beyond the edge of the 
sputtering target 127, A tower insulating ring 73 
{preferably alumina) rests on the top flange of the 
processing sputtering chamber 70. The laminated 
target assembly 77 is supported on and sealed to 
73. Sniet and outlet cooling 
joisng liquid to the target 
assembly 77. An upper insulating ring 108 insu- 

Thls general configuration as shown in Frgwe 3 
provides the basis for specific embodiments of the 
invention as described below. 

Target Assembly 

Figure 4 shows a bottom view of the targe* 
assembly 77. Figures. 5 and 6 are perpendicularly 
opposed cross Motional side views. A target 76 
comprising fee material to be sputtered is centrally 
located in the target backing plate 80. The target 
79 and target backing plate 80 may be constructed 
of a single monolithic material, such as aluminum 
or titanium or the target material may be different 
from tne target backing material, in which case the 
rarget material 79 must ba securely attached to the 
target backing p'ate 80. Figure 7 shows a cross 
sectional side view of an edge of a target material 
airrereni from s target backing plate material. 

A dark space ring groove 82 surrounds the 
target 73 (Figure 6). When the target 127 and 
target backing plate 123 are a monolith (Figs. 6 
and 8), this groove 82 is machined {or cast) into 



surrounds the 
groove 32 arte 



of the dark space rin< 
i to contain an O-ring (nc 
gs sacking oiafe t - 



sputtering/processing chamber 70, 

A cooling cover plate 85 (Figs, 5, . 
or 125 (Figs. 7,3, and 10) is laminated to 
side of the target backing plate 



14 a 



Wh*r 



attached i 

ing plate 80, as illustrated in Figure 14, a structural 
type epox; -- , 102 s»sc ed on a mesh 
103 similar to the mesh used in a silk screeninq 
process is used to zr ,, - c ~ ^ „ fr> \ > 
cover plate 95. The pattern of the suspended ep- 
oxy 102 matches the pattern of the flat surface at 
the top of the walls §9 separating the grooves S6 
rormsng the cooling fiuid passages in the cooling 
cover - 95, Attar tj-v ~ itas t^r applied tc 
the top or the walls 99, the cooling cover plate 95 

On final machining, a power connection hole 92 
(Figures 4 and 5) is machined into the cooling 
cover plate 85 and through the nitrite epoxy bond 
to be sure that when electrical power is applied to 
tre ;r ge : reaches ch-j larg-et bat ,., - y > fig 



nottc 



cf 



Figur 



configurations of the cross section of 
target assembly 77 Liks nimbet 
items in different configurations. 

Figure 7 was generally described above when 
discussing Figures 4, S, and 6 imina 
insulating coating 13G covers the back of the cool- 



to the target backing plate 128 which has cooling 
grooves 70 formed tne- r i , ' -, ^ 

plats. In this configuration the cooling cover plate 
125 is a flat sheet bonded to the target backing 
plate 123. A glass laminate initiator 130 covers the 
cooling cover plate 125, 

Figure 10 shows the cooling cover plate 125 
being made from an insulating prepreg material 
having cooling grooves 70 therein, thus eliminating 
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i one configuration (Fig. 4) scrsw boles 91 
d the cooiing openings 33, 84, 85, 86 provide 
;sarss to attach coding fluid inlet manifokte or 
; to ths target assembly on the outside of the 
im chamber. An example of genera hose 
g is shown by the hoses 105 and 106 in 
i 3. in another configuration (Figure 12} 
ied hose-barb fittings are mounted directly to 
bs 87, 88, 89, 90. Non-drip type quick dis- 
~ - a Tie otter end 



,; - ,a 3r (Fg. 14) the cooiing cover 
piafe S5 has a thickness of 0.425 in. 00.8 mm) 
wherein the groove width 96a is 1.000 in. (25.4 
mm) and the groove depth 1Q1 ts0.25 in. (6.4 mm) 
— e f-e t% thickness 100 between grooves 96 is 
0.375 in. (3.5 mm). A series of cooiant distribution 
i i the ■ cooiirrg plate 95 



fluid to the outlet 85, 86 connection holes in the 
target backing plate of Figure 4. Portions of me 
coo; dot' I-: or co lect on areas 97 in the cooi- 
ing cover plats 95 and the intetfouHet connection 
holes S3-3S in the cooling cover plate 85 are lo- 
cct:c c.".-- O-ring sealing groove 93. As a 
result, the cooling water hoses 105 and 106 (Fig. 3) 
are connected to the target assembly 77 outside 
the vaeutsm chamber, thereby avoiding the major 
sealing problems with the supplying of cooling wa- 

The configuration of the walls and grooves in 
the cooiing cover plate can bs adjusted so that at a 
predetermined flow rate and temperature there will 
be an approximately even mass flow velocity in 
each groove as there is in its adjoining groove, 
thereby preventing or reducing the problem of 
short circuiting and hot spots in areas of the target 



' - • in Figures 15 and 16 so that 

more coolant flow can be directed to the target 
areas avir.g nereased erosion of trie target ma- 
terial. 

In ihe cc ' p ' z- - tin m the Figures 15 
and 18 the distance between cooling groove walls 
has been adjusted to reduce the cooiing flow near 
the center of the plate (since two sets of separate 
passages are shown the narrower grooves appear 
along the centerfine of the plate, i.e., at file medial 
edge of each of t'n 



he simplified by using a rectangular plate whose 
corner might te ^n, g .as s.ic>vr for example 
by the dashed line 98. 

T-e ~~„y .■?. achssive iter example - nitrite 
epoxy, nitrite phenolic, modified epoxy, and pheno- 
lic epoxy) can be acceptably applied using a nitrile 
epoxy m ; f „ C v > i , , ~, t \ 30O-2K" 



~ - f 

pressed to the target backing plate 80 by ihe 
cooiing cover 95 with a pressure of 20± 5 psi 
(0.14s 0.03 MPa) on the areas to be bonded and 
the tempera* o' a, r - ; ■, s 7 o 5 3 * ~ 
5' F (1200 t3=C) over 30 minutes. The 250* F 
(120- C) temperature is then maintained for SO 



t ESP" 300 pM o 



in an Autoclave (e.g.. ; 
chamber) should be sf 
MPa) white holding ; 
350* F (177- C) for £ 



of Sanding gear and cargo floors for commercial 
aircraft. 

When reinforcement of the bonding adhesive is 
desired, corresponding holes can be made in the 
cooling cover p' r-.m P -~ j plate (Figs, 

17 and 18). Press fit pins or screws put into the 
holes prevent differentia! movement between the 
pieces. Th© holes P , , n i „- 

are made through the fins {groove wa s -i the 
cooling p^_ -- i i lit 1 1 ^ 



CO Ping - 



(e.g. 0.25 {6.35 mm}> into the target backing plats 
80, An insulating glass laminate 130 covers the top 
of pins or screw head 1 1 1 . The hole patterns of the 
screws 111 are shown in Figures 17 and 18. The 
cut out 112 shows a vl?w with the g'ass an ■ iat - 
covering the scr t, heeds cut-away Figure 18 
shows a cross sectional view of an example of the 
pin or screw 1 1 1 connections. 
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Another embodiment according to the invention 
is shown in Figures 19 through 28. 

As shown in Rgyrs 18 the side opposite the 

cooling cavsiyffiuici channels 172 having walls 173 
between the cooling channels 172. Instead of a 
_ o r , . r 1 97 being fastened to 
the target backing piate 171 by a ra'triie epoxy 
atone or nitrite epoxy assisted by a fastening sys- 
tem, the configuration shown (Figs. 23-26) has its 
target becking piate cover 197 attached to and 
i ' cooling channels 172 of the 

target backing plate 171 using screw-type fasteners 
202. The fasteners 202 deform a sea! (preferably 
O-rings, a pinched metal seal, s fiat seal or a 
quad-ring) 201 located in fastener recesses 174 
throughout the central area of the target backing 
plate 171 (Figs. 19 and 20) to seal the fastener 
holes and deform a perimeter seal (preferably 0- 
rings, a pinched mstai seal, a flat sea ! . cr a quad- 
ring) 198 (Rg, 22) placed in a perimeter O-ring 
groove 1 77 surrounding the target central area to 
seal the perimeter. The O-ring groove 177 is posi- 



the groove extends fee- 
's 177 as ShOW'i rr'J, a 



The perimeter O-ring groove 177 sits just outside 
the cooii-ng cavity 172 and adjacent to outside 
threaded hoies 1 78 which receive threaded fasten- 
ers. These perimeter threaded fasteners do not 
have a counterbore as the outside hoies 178 are on 
the non-fluid side of the perimeter O-ring 198 
.vhich seols a n \ >t t uid - ikage 

Figure 22 shows a close-up of the perimeter 0- 
ring groove 177 without the fastener shown. An 0- 



rlngs and a ambient drain b< 
Water intrusion from the coolir 
rough va<- - 



ccoling channel miriness the amount of target 
backing plate area exposed to cooling ffutd. The 
ctose seating also provides space on the outslds of tsri 
the seal for a vacuum passage 191 to the top anc 
chamber 208 (Rg. 36) and space outside the liquid so My 
cavity for a electrical connector 155 (Fig. 33} to 
contact the surface of the target assembly. 

The fastener recesses 1 74 (Fig. 20} inside the 
perimeter O-ring 138 include a cajntefbore 176 to 
recsivs the O-ring 201 or ether seal type. When 
the O-ring 201 is inserted into the counterbore 176 
and is compressed by the screw-type fastener 202 
pressing the target backing plate cover 197 to the 
target backing plate 171, the O-ring 201 is slightly 
Battened and seals its fastener opening. 40 

Figure 20 shews a cross section of Figure 19 
cut at section line 20-20. The threaded hole 175 
sits below the counterbore 173 of the fastener 
recess 1 74. 0-rings 201 (Fig. 2S) are not shown in 
piace in Figure 20. The fastener recesses are to- *$ 



;h drains any leaking fluid 
■©aches the vacuum pas- 



20 The sealing means 2Q0 Is pi ced in re -astener 

Figure 24 shows a eiastomeric sheet being 
used as a gastet 193 to seal the target backing 
plate 171 against the backing cover plate 197 in 
25 the area of t- -I r r - * _ 

is provided to provide space for the gasket material 



assembly 213 of Figure 27 cut at section line 25 
25. Figure 26 is a close-up view of Fig, 25. Th< 
target 181 is boadad. using solder or brazing bond 
os ing techniques to the ta-;-' i 



or other non-magnetic materia!. The top surface of 
the target backing covet piate 197 is then coated 
with a G-11 glass coating 204. The G-11 glass 
coating 204 is approvimat !> 1 la" s 1 59 mm) thick 
and is attached to the cover backing plate by some 
fasteners (not show,) at its perimeter, or by an 
easy-tc-peei adhasi - , ~ that the G- 

11 can be removed and the target assembly dis- 



stances where tht 
recycled using t 



removed and a r«v, " ■> ■( - .-o.nded. 

Figures 27 and 23 show the target side of the 
target backing plate 171. The centrally located tar- 
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20 



High s 
bonds of t 



opposing part that is pressed against the target 
plate 191. This middle groove 193 assures that the 
■n is distributed compSately around the 



least t c fr r ' • s- l *2nun (target 
material) can be diffusion bonded to a backing 
plate ot cc - c z i i - z^ ^ - 'e g CP 



around the perimeter of the processing chamber. 
The perimeter collecting vacuum passage groove 
193 connects via a straignt-cormeclSng vacuum 
passage groove 192 to the through trote 191 pass- 
ion - n ~ -■=■ assembly and to the 
perimeter edge of the O-ring groove 133. 

As shown in Figs. 27 and 28, at the corners of 
the target backing p?ate 171 on the target side, 
dowel holes 189 are provided in which glass, plas- 
tic or other preferably non-insulating dowels can be 



Follow:rg ti- 
the coct.nq cz ► - ; - ■> . - ~ ^poxy-bonded 
to the back of the backing plate 128. An insulating 
sheet 130 of G-11 glass epoxy laminate may be 
iod cc; / C73I- the < ng c z\ 



Securing me . - o- . ( ves - • . 
and target backing plate can be done by diffusion 



' c = _ " z - " i 

watertight quaiir/ tzrzi is obtained by holding the 
plates at 4 MPa (580 psi) while heating to 3S0* C 
(1562- F) at a rate of 0.4* C.'sec (0.7* Frsec), 



followed. The surfaces to be bonded are polished 
with No. 600 emery paper to a ground Finish of 0.1 
urn, and just before bonding the surfaces are 
chemically cleaned following The American Society 
for Metals (ASM) (more recently known as ASM 
iai) procedures for etching both titanium 
urn,. Press the tantalum target 127 to the 



backing plate. An insulating sheet 130 of G-11 
glass epoxy i&minate, <■ r^ui-ad, can be bonded 
over the cooling cover plate 125 at a later time. 

Aiuminun can? - h,-,- czr ed. A dif- 
ficulty with diffusion bonding of aluminum is that 
pare aluminum, upon exposure to an oxygen-con- 



For superior bond quality, the following steps 
should be followed: The surfaces to be bonded are 
perished «i*h tix 600 emery paper to a ground 
Finish of 0,1 urn, and just before bonding the 
surfaces are chemically cleaned following the ASM 
Dfocecures for etching both titanium and tantalum. 
The tantalum is pressed to the titanium at SO MPa 
(700 psi) while heating the assembly to 750 * C. 
The assembly temperature is then increased to 
875' to S8S • C for 1 hour while maintaining a 



cal means or by z, r n i 

v an oxygen free at- 

mosphere e.g. 10~ a torr base pressure with a 
CO/CO; ratio of 10 s to 10 3 or an H a /HjO ratio of 
10* to 10 s , the removal of the oxide film will 
facilitate diffusion be ig at lower temp.? it 
and pressures than done today. 
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The target ass« 
approximately 500 ; 
bonded by raising tr 



n pressurized to 
''a) and diffusion 
smbly's tsmpara- 



is reduced or avoided by the surface removal or 



1 oe ussa in wnich the aluminum is 
tad in a high vacuum, and the parts 
fusion bonded without exposing the 



ing cover 125 having cot 
This target assembly 1S 



shown}. The up 
outer insulator ! 
ting dark space 
sembSy on the pr 
Ones the tar; 



upper insulator 117 having a lower O-rfng groove 
119 and an upper O-ring groove 118 both having 
O-rfngs (not shown; rests on the top of the targe! 



crested by diffusion bendirv 
brazing process. 



if Target Ass 



A clear understanding of the details of a errv 
Pediment according to the invention can be shown 
by reviewing the cross section of a sputtering de- 
vice as shown in Figure 31. The sputtsr- 
ir.grprocessing chamber 1 33 is accessed through a 
slit vaive 145 such that a substrate to be deposited 
(not shown) is delivered to a sputtering pedestal 
146. The s-u~-rg r;*j----2' t-6. being movable, 
js then moved vertically into position by vertical 



edge of the substrate to prevent deposition on its 
edge. The sputtering/ processing chamber 138 is 
'' '* ' '- ' - srsiPid or chamber liner 

142. This finer 142 is more easily removed and 
cleaned fhart tfte chamber interna' surfaces. The 
sputtering/processing chamber 136 has a top 
flange O-ring groove 139 to contain a sealing O- 
rirtg (not shown). An insulating ring, e.a. a ceramic 



' to item 73 ; 



pietely cover it and to insulate it from accidental 
grounding by being touched by an operator or 
another piece of processing equipment. Therefore 
' 1 >-* 1 " is. i i " " j poping 

insutsung s<i~ I .e'aps the jo^ard pro- 

i 3 n i atmg skin ^7 i - 
134 thereby providing a complete cover around the 
edge of the target assembly. The outer insulator 
134 and to ldo^- -uj'- :< r .an no r C '~v > 

poiycarbonate. 

As shown in Fig. 32. a rough vacuum connec- 
tion is routed at the edge and around the process 

- - 1 t ' n - t t ... t . 



i i--' - -> r = - f ' 1 f f- J ; 

nipuiated by a magnet sv/eep device {not showi 



e the magnet to n 
J according to the sw 



these g'~~v#: V-i - j, 
overlaps the outside come? 
chamber upper flange. This s!i 



the upper flange of the 
i. A dark space shield 132 
;eramic insulator 133 and 



i.<e target assemosy 124 in this embodiment 
according to the invention includes a target 127, a 
target backing plate 128 and a backing plate cool- 



vacuum (e.g. 1 torn, the* win b,s only aoofoxi- 
mately 1 torr of differential pressure across the 
target ass - -_• a t- - i J t 

torr across a target assembly plate having an area 
of 1 sq. meter will provide a force of approximately 
30 lbs. or 13.6 kg on the whole of the plate. 
Compa-e this to approximately 22.780 ibs. or 
10,330 kg force that wcu'd be experienced if the 
pressure in the cap were to remain at approxi- 
mately 1 atmosphere. A force of approximately 
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23,000 lbs. on a thin target assembly would pro- 



s of approximately 
>r a reiaSveiy thin 



strats to be sputter coated. For example a proxim- 
ity sensor, optical sensor, or other non-contact 



the top c 



the pressure 
the target 2 



emoiy is ssgrmtcantiy reduced from 
those produced by atmospheric pressure, if the 
pressures in the two chambers 11 4 and 138 were 
equal, there would be no differential fores on the 
target at ail. 

The process chamber 133 and top chamber 
cap 113 are both initially connected to a rough 
vacuum {-1 ton-} system. When the presc, - - - 
of the rough vacuum subsystem are reached, the 



co"=g-L;."£.:ior ilfoid ally 

made from a non-conducting plastic such as poly- 
carbonate is attached by means of the cooling 
attachment screw holes to the target assembly 124. 
Piping having non-conducting properties such as 
nscprsne rc-o ; ; „ - *o - jdycarbonate 



vacuum pump is activated to bring the process 
chamber pressure down to 1CT S ton- or less. Inert 
gas, e.g. argon, is then Introduced to bathe the 
substrate and target in argon at a pressure of 
approximately 1Q~ 3 torr. The top chamber 1 14 con- 
tinues to be connected to She rough vacuum sys- 



te; 



Ccnven-iO; 



creasing the pre 



and c 
i between cha 



the cavity formed by the primary vacuum seal and 
• oack-;jo sea: fdiffersruiaiiy oumoed . = . > In or- 
der to improve vacuum pumping of the process 
chamber. A double sea! system a employed to 
assure a tight seal around the processing chamber 
. 138 and to minimize gas diffusion through {he 



2 ft in length prevent 

through the cooling fluid to connected machinery, 
A povm connection 155 for the target assembly 
124 is configured to intimately connect with the 
target bac<,ng oiate through f he < > - cc rs'i 
hole 92 {Fig. 12} in the top of the target assembly 

" " " ■" ' r n 

bsr cap 113. 

in an exploded view so that their configuration can 
be more easily understood. The processiro cham- 
ber 138 -:c - - c -r-c 1 " ~ 
liner 142, The dark space shield 132 fits inside the 
over-spray shield 142. The outer insulator 134 sits 
on the too flange of the processing chamber 136 
and surrounds the ceramic insulator 133 {the vacu- 
um passage- ' T , i<- -. , 134 



sho^v! 



jid mans 



urn passage 158. The outer insulator 134 vacuum 
i sssace includes a between seal vacuum passage 
t40 K deprsssurize (to tno rough vacuum pres- 
sure) the space between the Oaring seals around 
the ceramic (lower) insulator 133. Two 0.09 in. {2.3 
mm} deep slots, for example, can be used for the 
seal vacuum passage 140. The poss-Mlty of un- 



the target assembly 124. In Figure 34, various 
pieces are shown in two or more sections. These 
pieces r'a.f - i a; Kit > pt 

in their final configuration, dependi.no on manufac- 
turing considerations. 

Figure 35 shows a assemfc vj c_. , ;> 



- i 1, 



Vr-rg 



erodes 



q , r'< m- the as :t does according - 

many magnet sweep patterns, the pressure under 
the top chamber cap 113 can be adjusted to delib- 
eratsly con 1 , deflection in the center of the 

target assembly so that the distance between the 
object being sputter deposited and the target sur- 
face remains generally constant tc provide more 
uniform deposition across the surface of the sub- 



to prevent anyone from contacting the energized 
target assembly. The power connector 155 for the 
M 3- r - - ,1. / n n 3 T i t ■ 

the top chamber cap 113. 

Another ervoci -mi - J 1 > nv> . ' r 
is shown in Figures 3S - 40. 



BNSOOCiO <c= 'J6S4S*3«J„> 
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ures 19 through 28. The chamber sida wall 163 has 
s - 'c a _..gr* vacuum 

system. The upper part or ths chamber side wall 
183 above passage 158 supports and connects to 
a lower outer insulator 218 having O-ring grooves 
229 ar.c 230 outside the passage 1S6. A fewer 



>n the target assembly which is separate from t 
fluid containing passages. 

The ceramic insulator 133 sits on ths up? 
flange of the processing chamber enclosure it 
The lower outer insulator 216 fits around the c 



133. The iov%er surface of the target assembly 
includes the vacuum passage connecting groove 
r-- e ' ' : rr cassage 191 and the 
vacuum perimeter distribution groove 193. Tne tar- 
get backing plate upper face includes the groove 
arrargerr.en 1 a.- ; 3 :i ? ■ V F^gs, 27 and 28. The 
upper insulator 210 is sealed between the cap 209 
and the top surface of the target assembly 213. 
The upper insulator 210 has a skirt projecting over 
the upwardly projecting skirt 217 of the tower outer 
insuiatcr 216. 

Figure 39 shows an exploded view of a pro- 
cessing chamber according to the invention. Figure 
40 shows the exploded parts of Figure 33 assem- 
bled, while Figures 36 and 37 show cross sectional 
views of the processing chamber as shown in Fig- 
ure 40 taken at sectional lines 35-36 and 37-37 
respectively. In tnis configuration the top chamber 

enclosure 1 63 by hinge pieces 234. A pair of gas 
pressurized cover tiffing rams 231, 232 assist a 
i s " ; Sift handles 233- 6a lift the top cham- 
1 3 2G9 and pivot it ou- of the assembly path 

• i i > , ■ ' , . '• 3 The pro- 

cessing chamber enclosure 183 is supported on a 
frame. The frame also supports a gate valve 224 
connected between a cryogenic pump 226 and the 
bottom o ; tne , ta-'icer enclosure 163. 

, - 13H there is a fin 

piate 222, the sputtering pedestal 146, the over- 
spray shield 147, the shadow frame 144, and the 
dark space shield 142 which fits around the inside 
of ths chamber. 

T-c 'x.voj:'/ JiJc?: -> r - _ -• - >"t allowed 
the rough vacuum to be passed around the target 
assembly through passages of the upper and outer 

r n-i < r i-r.-r-r- t i ; , =-m 

includes two square comers at one end In one 
corner the vacuum is routed through hole 19t to 
the top chamber cap 209 from the rough vacuum 
system. The rough vacuum is routed to the under 
side of the processing chamber through a fixed 
passage 156 along side the processing chamber to 
the top surface of the processing chamber, it is 
eas ' i > -~i<~ " tc a d disconnect from a fixed 
passage. The rough vacuum in this embodiment 



15 -i" - -,<■ g S 21 

is shown in Figure 37 when a manifold is slipped 
onto smooth surfaced tubes extending from the 
target assembly 213. O-rings seal ths manifold to 
the outside of ths smooth tube. One or more 

so screws noio v ~a- to * j the t-ro- - - , 
and keeps It from slipping off the smooth tube 
ends. 

19. The cooling inlet and outlet features' 179^.(5 
23 are threaded -ih-- v r - , , ~ 
type threads at one end and a cylindrical smooth 
{preferably polished) surface at the ether end which 
can male with a hole of the manifold having interior 
O-ring grooves to seal the fluid connection. This 
30 c j"noo\o. 

manifold , * c . 'e a set of two 

cooling features at one end of a target. 

Ths hinge pieces 234 illustrated in Figs. 3S 



138 and cap 209. 

Safety Power Connector 

Figure 41 shows a perspective we* of the 
safety power connector assembly 155 used to con- 
nect electrical power to the target backing piate 
128. The cross section of the power com* ct jh 
assembly and its flange connscsc-t : f. r ^1 in 
Figure 42 T j - , - - - ,i -; - /. . re- 
flected into the top opening 241 . A circumferential 
groove 242 mates with me edge of the counterbore 
of the top chamber fiango 114 (Fig. 42} of the top 
Chamber cap 1 13. A safe contact 246 sits adjacent 
to ths target assemc'/ n tv <■ r n -< , 
opening 92. 

A live contact 247 is separated from the safe 
contact by a lower O-ring 248. The lower O-ring 
248 does not iay Nat on the safe contact's outer 
ledge 249 but is supported by several fins 250 (for 
example four) spaced around the perimeter of the 
ledge 249. Undar ambient conditions the live con- 
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tact is separated from the safe contact by approxi- 
ra 3 I' 5 '-' * -- -- i r c 1 -S.r - 
251 , 252, for example made of polycarbonate, en- 
circle and capture the O-ring 243 and the live and 
safe contacts 247, 246. An upper Oring 254 is 
located on the upoer ledge 253 cf ins cuter css- 
il' , -zl _ - . , . ; ccec from the 

Mtrr - - J eer-.ca connecting bore 107 of 
- p smbe n - = or i«p 115 

of the top chamber flange 114 retains the contact 
assembly 246, 247, 24-3, and a retaining screw 357 
; - J "a. .^moiy to the 

fiance 1 J ~ -~ fool /carbonate or a 



i - - 1 -a live contact 247 at 

the bottom of the top opening 241 . The live contact 
247, safe contact 245 and O-ring 243 float in trie 
casing 251 , 252. 

Under ambient conditions the live contact 247 
is energized but the safe contact 246 is not be- 
cause it is separated from the live contact by the 
uncompressed O-ring 248 and an uncompressed 



space 



vacu- 



um is putted in the icp chamber 113 inside the top 
chamber cap 114, the top chamber flange 114 
moves down, pressurising the full contact O-ring 
254 pressing the casing 251. 252 down. Once the 
•? 3 t. 'a 13 firmly seated on the target it can 
travel no further. Further movement, which is nor- 
ma! under vacuum pumping of the casing, causes 
the lower O-ring 248 to be compressed over the 
raised fins 250 (e.g., 10-15 lbs. resistance} causing 
trte space 213 to disappear and the five and safe 



sa-e;y cf the processing operation. A ; ambler* c 
ct j r c ' ,a " oc c '- 

pieces and outer surfaces of the connector 
suiatss tne • „r the =>■ r _, portion of 

connect H eve hen vacuum c.to 
prfes«.. - f " - o r 

ated by - z " v, - - 

separating the energized contacts from connect 
to the target and 3reb? creates a good conn 
tion. When the safety power connector is oca'.ec 
a fia-ge aa,ace- to the proc : 
up. ve connecter contact doses when a vacuun 
pulied in the processing (lower) chamber. Howev 

jUV.O w t ? ^ '.Oh. pOi 

connector is not energizec „r • c -;• ec 
lock requiring that the upper chamber ta urs. 



vacuum may be 



controlled somewn' u?i; * - -mc^m Tiie tar- 
get assembly deflection can be controlled by vary- 
ing the pressure between the two chambers. The 
target c d i > r &s deschoeo provices <■ welds 



energized, because the absence of a tight seai wisi 
prevent a vacuum from being formed- Therefore 
the top chamber can be bandied safety {albeit 
carefully) without any live electrical terminals ex- 
posed . 

The electrical c 



tem sure serf-contained and upon replacement or 
removal o the 'um s - - >biy >i f ""3 s ^ water 
dripping or contamination of the sputtering cham- 



(,-ig. 43) ■* n „~ ~ ZV2 1c beyond the 
top surface of the top flange 13Sa of the process- 
ing cram be' and peeks out through an opening in 
the lower outer insulator 216 to contact the bottom 
surface of the target assembly 213 when the unit is 
jssembied When vacuus? s applied to the pro- 
cessing chamber 133 to pull the target assembly 
213 , " -3 chamber 138 enclo- 

sure 163, the electrics! connector 212 is com- 
pressed, thereby closing the contacts to energize 



eliminating c 



n seal In any of 1 , i > n \ sput- 

tering target assembly of this configuration can be 
of a large size and a low profile. Such an assembly 
even if much larger than the current design, will 
deflect negfigtbly under vacuum applied from both 
sides. 

The sputtering target assembly may have its 
cooling cover plate made of a non-efectricaily con- 
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ducting materia! such as glass epoxy laminates (G- 
10 or G-1KFR4) or preprsg formed. This non- 
electrical!'/ conducting material can be joined to me 
target backing plate using a suitable low curing- 
~" "> s " ^.essurs adhesive, such as 
structural -type spoxies. The non-electricariy con- 
ducting cooling cover plats/heat exchanger material 
can be configured to completely surround all ex- 



es to seai the opening, said target backing 
P'ate as;, i , . 1 heat exchange fluid 
passagoc (70 m -9 J 1 r z 

heat exchange fluid passages (70; 96: !49; 
172) having one or more inlet (83,34) and 
outlet {85,86} openings. 

2. A target assembly (77; 124; 213) as in claim 1, 



: es t e of a- . o " " 

c i' t'i: - <g- processing cham- 
ber. When large areas are to be sputtered which 
require larger processing and magnetron/pressure 

-i r < - t - - s 

assembly riue to pressure differential across the 



ting the inside perimeter of the opening on the 
target backing plate assembly when said target 
- . • j piax- assembly , S3~le:i agai'-s: the 
opening. 



taned in the cooling passages by various securing 
techniques, i (J *i r, j 

backing plate to the cover plate or by various 
diffusion ocr' r j ;r , ;r 

out mechanical fastening assistance. When prop- 
erly done, there is virtually no possibility of coolant 
leakage in spite of the fact that differential pressure 
through and across the cooiing passages is ex- 
pected to reach several atmospheres when the 

n , J c L r t - * 

passages can easily be re-designed to oprimire the 
cooling temperature distribution as desired and 
based on empirical dais, Another advantage of th* 
thin planar laminated target of the invention is that 
the mag"t"o ■• r i -- • 
closely to the target Thereby, lower strength mag- 
nets can be used and their magnetic field shapes 
can be more flexibly tailored. 

While the invention has been described with 
regard to specific embodiments, those skilfed in 
{he art will recognize that changes can be made in 
form and detail without departing from the spirit 

£ 4 nd SwpJ o! itwcr'.tlD':. Per . t r . r tn- e.j .- 



A target assembly (77; 124; 213} as in claim 1 
or 2, wherein 

backing plate (30; 128; 17!) and z cooling 
cover ptate f35 12^ *2o IST • i- - 
plate (80; 128; 171} and said cooiing cover 
plate (95; 125; 126; 197) each having first and 
second s 1 1 - ^ , 

opposite from one another, sad first side ot 
safd target backing p a - assembly being the 
same as the first side of said backing plate 
(SO; 128; 171), the first side of said cooling 
cover plate (95; 125; 128} and/or the second of 



1 49; ■ 



plate {35; 125; 197) is bonded to said second 
side of said backing piate (80; 128; 171), said 
heat exchange cooling passages {70; 96; 149; 
172) are formed in said grooves (70; 96: 143; 
172)sn said cooling cover piate (95, 125; 128; 
197) and said second side of the backing plate 
(80; 128; 171) enclosing those grooves (70; 98; 



She scope of the invention t< 
tuns herein described. 



Claims 



considered to limit 
a method or struc- 



1. A target assembly v "7, 124; 213) especially a 
sputtering target assembly (77; 124; 213), 
comprising: 

a target {79; 127: 181} in intimate contact with 
a first side of a target backing plate assembly; 
said arge b 

to cover an opening of a chamber (59; 138) so 



4. A target assembly ' ' ' i r - - 
wherein said second side of said cooling cover 
piate {95; 125; 126: 197} is generally fiat. 

5. A target assembly {77; 124; 213} as in claim 3 
or 4, wherein said target {79; 127: 181} and 
said target backing piate {80; 128; 171} are a 
monolith of a material. 

8. A target assembly (77; 124; 213) as in one of 
claims 3 to 5, wherein the bond formed be- 
tween the first side of said cooling cover piate 
(95; 125; 126; 197) and said second side of 
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said backing plats (80; 
using an adhesive (102;. 



paaa (22; <23: '71: a: locations na: corre- 
sponding to the locations of the grooves (70; 
9t '^t '- " ! 'a : *3 (95; 125; 



3. A 13-31* S3se™:rjy 777; 124; 2". 2; as in ana c : 
the preceding claims, wherein 

c - ~bly comprises 3 

backing plate {80; 128; 171) and a cooling 
cover plats (S5; 125; 126; 137), said backing 
plate {80; 12S; 1715 and said cooling cover 
piate {95; 125; 128; ".97) each having first and 
second sides, the first and secede sides being 
opposite from one another, said first side of 
said target backing plate assembly being me 

r j' " —< r<- - - 

(SO; 128; 171). the second side of the backing 
plats (80; 128; 1 71} having cooiing grooves 
{70; '72) formed therein such that when the 
first side of said cooling cover plats (35: 12S; 
128; 197} is bonded to said second side of 
said backing piate (60; 123; i7i), said heat 
exchange cooiing passages (70; 95; 149; 172} 
are formed in said grooves (70; 172) in said 
backing plate (80, 128; 171} and said cooling 
cover piate (95; 125, 197) enclosing those 
grooves (70; 172). 

9. A target assembly (77; 124; 213} as in one of 
the preceding claims, wherein 

the target backing plate assembly comprises a 
La. aa r •' 30; 128; 171) and a cooling 
cover plats {95; 125; 126; 197), said backi-ng 
piate (80; 129; 171) having a generally planar 
second side, said cooling cover piate (95; 125: 
197) having a generaffy planar third side fluid 
tightly joined to said second side, grooves (70; 
96; 149; 172) being formed in at least one of 
said second and third sides to form heat ex- 
change cooiing passages (70; 96; 149: 172) 
between said target backing plats and said 
coo-ling cover piate (95; 125; 126; 197). 

10. A target assembly (77; 124; 213) as in one of 
claims 3 to 9, wherein the bond formed be- 
tween the first side of said cooiing cover plate 
(35; 125; 126; 197) and a second side of said 
backing piate (80; 128; 171) is formed using 
sealing means (201) and fasteners {111; 202). 



a o';"''n;,r:',.; sealing aarana Haa, suaaa. ndlnc 
sa:c heat 5xcaanga aao^na; passages (70; 90: 
149; 172), and sealing mear~ 201 . auod- 
i 202) 

securing said cooling co'/er piate (95; 125; 
126; 197) to said second side of said backing 
wsaar: Tib oaamsfa" of a continuous O-nrig 
groove (177). 

11. A target assembly (77; 124; 213) as in one of 
claims 3 to 3, wherein the bond formed be- 
tween me first side of said cooiing cover piate 
{35; 125; 128; 197} and said second sd^- of 

~- :z.-~---~ '22 *2„ 1~| a 

using seal means (201) and fasteners (111; 
202), a continuous seal means (198) surround- 
ing said heal, exaaaaga _ passages 7 < 
96; 149; 172 nrd saa. ->e*-s _a'; s "vd 
ing one or ~ ars a - z --,-^- -^-o) 
securing said oimg eve piate (0 
126; 197) to said second side cf said backing 
within the perimeter of a continuous seal 
means groove (177). 

12. A target assembly (77; 124; 213) especially as 
in one of the preceding claims, comprising: 



target side, cooiing passage grooves (70; 
96; 149) c- i j ~e ir * 1 
said cover piate (95; 125; 126; 187s. said cool- 
ing passage g >jr e- "2 2""> 
running from a cooiing fluid inlet (63, 34) open- 
ing to a cooling fluid outlet opening {85, 86), 
• ar. . , - a = r a a'e (35 125 i \, 



of aala a 



(50' 123: 17 



plate (80; 128; 171} and said cooling cover 
plate (95; 125; 126; 197) is configured to cover 
an O" a i 



:r.g pa. 



3: i7lt : at 
■ s ,<,-*-- -o n; 
); 12S; 171) when 
3: 171) is sealed ag£ 



a the 



king plate {30; 
loaning. 



13. A target assembly (77; 124: 213} as in one of 
claims 3 to 12, wherein 

said cooling passage grooves (70; 96; 149; 
172) run parallel to one another and are config- 
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ured to distribute the fluid now approximately 
squally between them when they receive flow 
from an inlet manifold area (97; 158). 

14. A target assembly (77; 124; 213) as in one of s 
claims 3 to 12, wherein said cooling passage 
grooves (70; 98; 149; 172) run adjacent to one 
another and are configures to distribute me 
fluid flow to maintain a generally uniform tem- 
perature across the surface of the sputtering w 
target assembly {77: 124; 213). 

15. A target assembly (77; 124; 213) as in one of 
the preceding claims, wherein said target 
backing piate assembly is configured to cover is 
a bottom opening of a top vacuum chamber 
(109; 114} so as to seal said bottom opening to 
perrni* de-pressLri:a:;cn o 4 the vacuum cham- 
ber {1QS; 114), 

18. A sputtering target configuration comprising: 

a sputtering processing chamber (69; 138) 
ravine a tsp flares, said :!a:>ge f saving a shape 
and perimeter according to a predetermined 
form; 25 
" ~ u" r en ■>* T" " / (77; 124; 213} 
according to one of the preceding claims seal- 
ed to and insulated from said flange. 

17. A sputtering target configuration as in claim 18, 30 
further comprising: 

a pressure equalising chamber (109; 114} gen- 
erally having a snape and perimeter according 
to said Drscvar '-nined form, o? said sputtering 
process chamber (53; 133), said pressure 35 
t;r:ufl!i;;ng chamber (109; 114} being seated to 
and insulated from said sputtering target as- 
sembly (77; 124; 213). 

1 3, A sputtering target configuration as in claim 1 6 40 
or 17, further comprising a set of insulating 
members (117, 134; 210, 216, 133) to elec- 
trically insulate said target assembly (77; 124; 
213) from contact by process operators. 

19. A sputtering target configuration as in claim 18 
' 1 t of insu'aung members (117, 
134; 210, 218, 133) includes a vacuum pas- 
sage through said members (117, 134; 210. 

216, 133} from a space between an Inner seal so 
and an outer seaf of the processing chamber 
(69; 138) to a vacuum system. 

20. A sputtering assembly comprising: 

a sputtering target assembly (77; 124; 213} ss 
according to one of claims 1 to 1 5, 
a top chamber (109; 114} having a bottom 
opening configured to generally match the 



configuration of said opening of said sputtering 
chamber (69: J 38) such that said target back- 
ing pfa^ "5 , iC" =3 a I , - „ 
sputtering chamber (69; 133 and said toe 
chambe ( C r 11- r,c - - - 
urn pumping port; 

wherein said target backing piate assembly is 

top chamber (109; 114) arc ? z a :o- 
said sputt-j •-- =~o="- '69, isa) so that a 
pressure load on said target plate assembly 
ever said sputtering chamber (69; 13S) open- 

:L.'J - - -i " [CO 

chamber (109; 114} approaches the pressur 
in said sputtering - - er ;6S; 128). 

21, A sputtering assembly as in claim 20, 

1 rg piate 1 1 

figured without a seal between a passage or 

> !; 1 j ' 

cooling fluid passages (70; 96; 149; 172). 

22, r - n 1 1 1 1 2t 

wherein a vacuum source to said top chamber 

'1 J 1 > d tftroi ■> a rough v2cu 
port adjacent to said sputtering chamber (69; 
138) and around said target backing plate as- 
sembly to said top chamber (103; 114). 

23. A sputtering a? - j come r substrate 
processing chambe'- (59; 138) having a target 
assembly (77; 124; 213} especially according 
to one of claims 1 to 15, covering and sealing 
the cp-r, , . _ _ _ _ 1 1 
138); 

a top vscu ~ c smfeei (109; 114} having a 
lower opening similar in size to said top open- 
ing of said processing chamber (69; 138), said 
bottom opening generally being covered and 
sealed with said target assembly {77: 124; 
213), 

processing chamber (69; 138) vacuum means 
to create a vacuum in the processing chamber 
(69; 138); and 

top vacuum chamber vacuum means f: :- s a 
p f> t "% 

24. A sputtering device as In claim 23, further 
' _ ' " J *o.' to said tar- 
get piate assembly, said connection providing 
an opening circuit, a power source and target 
(79; 127: 181) when a predetermined vacuum 
pressure is not provided to said top chamber 
(109; i 14, r j r f tA , u ' 
pressure equal to or greater than said pre- 
determined vacuum pressure is provided. 
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25. A method of producing a target assemciy 77. 
124; 213) especially a target assembly (77; 
124; 213), according to one of claims 1 to 15, 

3 r ;'?C3 O" 

preparing a surface of a target (79; 127: 181} s 
for bonding; 

123: 171) for bonding; 

placing ths surface of the target {79; 127; 181) 

to be bonce rj : surface of the ?o 

backing plate (30; 128; 171) to be bonded; 

placing Sfie surfaces to be bonded in an inert 

gas or vacuum environment; 

pressing the bonding surfaces against one an- 

multsneously heating the surfaces to be bon- 
ded to a predetermined temperature for a pre- 
determined time. 

2S. A method of claim 25. comprising the steps of; so 
preparing the surface of a tantalum target (79; 
127; 181) for bonding; 

t_ -he 3 -- ? -t'lji backing 

piats (80; 128; 171) re cc~: ^ 
preparing the tantalum surfaces to be bonded as 
in contact with the titanium surface to be bon- 
ded; 

placing the surface to be bonded in an inert 
gas or vacuum environment; 

pressing the bonding surfaces against one an- so 
other at approximately 2 MPa, while simulta- 
neously heating the surfaces to be bonded to 
approximately 7S0 * C; 

heating the surface to be bonded to approxi- 
mately 885 " C for approximately one hour: and as 
n\5-nfci mrg j . on the bonding sur- 

face during cooling. 

£7, A method of claim 25, comprising the steps of; 

preparing the surface of a titanium or titanium <g 

aflQV U» get (79 127; 1 81) for bending; 

preparing the surface of a titanium backing 

plate {80; 128; 171) for bonding; 

preparing the tantalum surfaces to be bonded 

in core'" •< i- * •- i st race to be bom 4; 

ded; 

placing the surfaces to be bonded in an inert 
gas or vacuum environment; and 

i ing surfaces against one an- 
other at approximately 689 kPa {100 psi), white so 
hi 1.-st teously heating the surfaces to be bon- 
ded to approximately 850 *C approximately 
two hours, 



ferial and an aluminum cr aluminum alloy 
caching plate -SO: - 1 :r; an Dxygsn-frse 

preparing said a minurr or a-- ---I = z 

plate .T2,3' j n" 1 ^ 

placing the target (79; 127: 181) material sur- 
face pre, 

target backing plate (30; 128; 171} surface 
prepared for bonding; 

providing a load to cress ths target (79; 127: 
181) against the target backing plate (30; 12S; 

proximately 1,379 MPs }0 - rr 

hours. 

29. A me--c_ ~ j, ; - -<$ of claim 

25 tO 28 t* V." t _ - 3 ;.;r-j|; ,77, 

124: 213} especially according tc- one - - 3 ' 
1 to 15, v/h.trhn 5fi achosive ('02; is bonded 
to a backing place and a ccoiing cover plate 
(95; 125; 197) comprising the steps of: 
applying a mating force to t 3 i \ , - - j 
target assembly {77; 124; 213) to press • - 
he ad ive '1C2; an - 1 um 

the surfaces of the backing plate (30; 128; 171) 
and cooling cover plate (95; 125; 197) adjacent 

j the ache and sirnulta scus ' 
increasing the temperature - he us -_ : 1 

1 ( n ' J ' f - "J ". - r - 
determined time. 

30. / (77; 
124; 213), especially according to claim 29 
comprising the steps of: 

tabricafng * n 1' t ■><>.* a'get backing 
plate (610; 1 28; 1 71 ) unit, 

1 1- I" 1 " 137) 

having cooling grooves therein to said target- 
target backing plate unit using a high 37 ri •■- 
adhesive (102). 

31. The method of producing a target assembly 
(77; 124; 213) as in claim 29 or 30, wherein 



32. 




, • j h I)' 



28. A method of claim 25, comprising the steps of: ss 
p'oti -> :rr, target materia! surface for 

diffusion bonding; 

placing said titanium target {79; 127: 1St) ma- 



3a A method of cooling e target >7d: 

127 r* l ..n'*"]h' "*->os of: 
providing a generally flat plate sputtering target 
assembly (77; 124; 213) especially according 
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placing the sputtering target assembly (77; 
124; 213} over a sputtering opening of a sput- 
tering chamber (69; 1 38) to sea! said clamber s 
(89; 138}, 

. Cu-j „_r 3 ..o^.cf n saK ; sphering tar- 
get assembly (77; 124; 213) heat exchange 
cooling passages (70; 96; 149; 172}, 
placing a pressure oi "•ember (108; to 



aquEtir.s the pressure of the pressure equaiiz- 

sure'in (he sputtering 'chamber (89; 138). ?s 

34, A sputtering process comprising the steps of: 
placing a target assembly (77; 124; 213) espe- 
cially according to one cf claims 1 to IS or, a 
top surface oi a processing chamber (89; 138) so 
such that when a vacuum is provided to said 
processing chamber (69; 138) said target as- 
sembly is sealed to said chamber (69; 138); 
conducting vacuum from a vacuum source to 
said process chamber (69; 138) to provide a ss 
vacuum in said chamber (89: 138) seeled by 
said target assembly {77; 124; 213), 
placing a cover chamber (109; 114) on said 
target assembly (77; 124; 213) on a a side of 
said assembly opposite a target sice of said so 
f.sss.-nc ■/ said covs- cnambar 'ICO, 114; 
eraliy being support at the locations corre- 
sponding to the location where said target as- 
sembly (77; 124; 213) is supported or? said 
processing chamber (89; 138) and creating a 
vacuum sea: against a back side of said target 
assembly (77; 124; 213); and 
pumping said cover chamber (109; 114) to a 
pressure ;ess tnan 10 Torr, 
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© Integrated sputtering target assemoiy. 



149; 172) are con? 



posits the o - 

on botn , ct i~e ■> assorrbiv - • t * , 
is nearly equalized. Large thin target assemblies. 



128; 171), and cover plate (95: 125 126; 197) may 
form the target plate assembly {77; 124; 213). The 
sputtering target assembly {77; 124; 213) includes 
an integral cooling passage. A series of grooves (70, 



cureiy attached to the target backing plate (80; 128; 
171) by one of any r 5 1 ■> - ; • * 

methods. Tantalum u ^acxjrr, - _~ :c t 1 1 1~ 
and atair - ., - ~ -n be 

used. 

The energised target assembly is protected from 



duced in the top chamber (109; 114). 
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